Introduction. The purpose of this study was to determine the impact of a short-term, three-week intensive neuromuscular training programme on the postural stability of professional soccer players and to establish whether lower-limb dominance affects one-leg stability. Material and methods. The experimental group consisted of 16 professional male soccer players, and the control group included 20 professional soccer players who did not undergo any additional training. The experimental group was provided with three-stage progressive training twice a day over a three-week period during the preparatory period and then trained twice per week in-season for a period of 5 months. The experimental subjects were evaluated with the use of a stabilographic platform before the programme, 3 weeks into the programme, and finally after 5 months from its commencement. Total centre of pressure (COP) sway path was measured during one leg stance for the dominant and non-dominant leg with eyes open and closed. Results. After three weeks of training, the experimental group showed a significantly shorter COP path for the measurements taken with both open (p < 0.001; η 2 = 0.28) and closed eyes (p < 0.05; η 2 = 0.09) compared to the initial results. It was found that the training effects were sustained five months into the training programme for the tests with eyes open (p < 0.001) and eyes closed (p < 0.05). The control group, however, showed no such improvement during that time. No differences were found between the limbs in either of the groups. Conclusions. Neuromuscular training can be effective for postural control improvement in professional male soccer players within a short period of time. Leg dominance does not affect one-leg stability.
Introduction
Soccer is a discipline requiring excellent postural control, which directly affects the level of sporting performance [1, 2] as well as susceptibility to injuries [3, 4, 5] . The available research results indicate that adequate neuromuscular training increases players' postural control and consequently reduces the occurrence of injuries [6, 7, 8] such as ankle sprains [9] [10] [11] [12] , anterior cruciate ligament injuries [6, 13, 14] , and hamstring strains [12, 15, 16, 17] . The effectiveness of such programmes in enhancing functional performance after a sports injury has also been demonstrated by several authors [8, 18, 19, 20] . It has been suggested that such effects are predominantly linked with changes in proprioception and neuromuscular control [21] .
However, despite the growing awareness of the impact of such training programmes on potential effects in soccer athletes, they still have not been widely incorporated into training sessions [22] . Based on the available literature, it has not been defined how such programmes should be constructed to optimise their time and efficacy. Most up-to-date prevention programmes last 6 to 8 weeks even though data concerning their optimal length are hardly sufficient to opt for the standardised option [23] . Zech et al. [7] found in a systematic review that pro-grammes lasting 6 weeks and longer had greater effect on postural sway than 4-week programmes.
The authors of this article believe that soccer players, due to the specificity of the discipline, are required to develop better postural control in a time shorter than 6 weeks. For that reason, we created a programme which was shorter (3 weeks long) and more intense than most of the existing ones. The training protocol included exercises focusing on stability, agility, coordination, and plyometrics and introduced a number of varied activities constantly challenging the players' balance [24] . Another issue worth investigating is whether soccer players show differences in stability between their limbs and whether training should differentiate between the dominant and non-dominant limbs.
Having considered all these aspects, the authors decided to conduct a study whose purpose was to determine the impact of a short-term, 3-week intensive neuromuscular training programme on the postural stability of professional soccer players and to establish whether lower-limb dominance affects one-leg stability. The hypothesis put forward by the researchers was that such intensive training would significantly improve the postural control of professional soccer players. We also hypothesised that the non-dominant leg would show an improved level of stability compared to the dominant (kicking) leg.
Material and methods Subjects
A total of 36 top professional male soccer players (members of an elite soccer team) volunteered to participate in this study. The experimental group consisted of 16 players, and the control group included 20 subjects. Descriptive characteristics of the participants (mean, SD, max, and min), randomised into the experimental or control group, are provided in Table 1 . The experimental participants suffered no injuries eliminating them from the game for more than 20 days during the previous 3 years. Additionally, the participants had to be free from acute musculoskeletal injuries and chronic musculoskeletal conditions as well as visual, vestibular (e.g., vertigo), or sensory (e.g., diabetes) conditions that could negatively affect their postural control. The participants had been informed about the aim and procedure of the study. They were required to provide consent for their inclusion in the study. The study was conducted in accordance with the guidelines provided for in the Declaration of Helsinki and accepted by the institutional Ethics Committee.
Experimental approach to the problem
This was a randomised controlled trial that aimed to verify whether a short-term, intensive neuromuscular training programme would improve the postural stability of professional soccer players. The experimental group actively participated in an intense, 3-week training programme during the preparatory period, which was completed in addition to their normal scheduled training practice. Later, they exercised 2 times per week for 5 months during in-season maintenance training. The control group were not given any additional training. All of the subjects underwent a postural stability evaluation at the beginning of the study, then after 3 weeks of the programme, and finally 5 months into the programme. 
Procedures
Biomechanical measurements were taken using the HUR® force platform (Finland) and the accompanying software for static stability measurements. The platform has 4 tensometric force sensors that can be used to measure the position of the centre of pressure (COP) movements in the coordinate system associated with the platform. The study took into account the total COP sway path that the centre of pressure of the foot made on the ground during a 30-second trial for each leg. The players' postural stability was evaluated in a one-leg stance, first on the dominant and then on the non-dominant leg. It was measured in the following manner: one 30-second test for each leg was performed with eyes open (EO), and then one 30-second test was completed for each leg with eyes closed (EC). All the tests were performed in one-leg stance with the knee bent at about 15 degrees and with the other limb in slight flexion. The subjects were instructed to stand barefoot, with their hands at their sides, while keeping their knees apart. They were asked to try not to touch the ground during the testing. The total COP sway path of the 30-second trials was subjected to analysis. Any possible distracting factors were eliminated. During the tests, only one player was examined, and there were no other disturbing factors such as noise. To exclude possible variables stemming from factors such as tiredness due to physical exertion, all the players were tested on the same day, when there was no practice scheduled.
Training protocol
During the 3-week preparatory period, the experimental group underwent intensive training designed by a team of physiotherapists and a strength and conditioning coach. The training took place twice a day, and each session took 20 minutes. During the first two stages, the exercises were done at the beginning of the practice, after the warm-up. The warm-up included 10 minutes of running and 5 minutes of dynamic stretching of the quadriceps femoris, hamstrings, calf, and gluteal muscles. During the final stage, the training was done after the practice, when the players were tired. Their weariness was introduced on purpose as an additional factor included in the study. The entire protocol, which is shown is Table 2 , was divided into three stages. Each stage consisted of 5 main exercises focusing on balance, agility, coordination, neuromuscular control, and plyometric training. The first stage (Basic Stability) was two-fold. In the first part (Level 1A), which lasted until the 3rd day, the researchers attempted to make the players realise the importance of proper execution of the techniques given. The aim was to make them aware of the impact which keeping the proper axis of the lower limbs and positioning the pelvis has on stability and, subsequently, on performance. All of the exercises in this part of Pol. J. Sport Tourism 2019, 26(2) , [14] [15] [16] [17] [18] [19] [20] the first stage were done on uneven ground while in double-leg stance ( Fig. 1 ). In the second part (Level 1B, from the 4th until the 7th day of training), the exercises were exactly the same, yet they were performed in the one-leg standing position ( Fig. 2) . At that point, the supervising coach continually reminded the subjects about the importance of precision while performing each task. gure 1. Example of a level 1A exercise (the soccer player keeps his balance while standing both legs on a balance disk; he catches the ball, circles it around his body, and then throws ack to his partner) xample of a level 1B exercise (the soccer player keeps his balance while standing n a balance disk; he catches the ball, performs a squat deep enough for the ball to ound, and at then throws it back to his partner) Figure 2 . Example of a level 1B exercise (the soccer player keeps his balance while standing on one leg on a balance disk; he catches the ball, performs a squat deep enough for the ball to touch the ground, and at then throws it back to his partner)
The second stage (Advanced Stability, Level 2) took place between the 8th and 14th day and included some dynamic exercises on one and both legs, multidirectional jumps, and jumps with a change in direction during landing, as well as exercises incorporating elements of soccer, such as kicking the ball and heading (Fig. 3 ). In this stage, the importance of proper landing technique was emphasised. The final stage (Advanced Dynamic Stability, Level 3) began on the 15th day and lasted until the end of the training period. It consisted of dynamic exercises combined with typical soccer activities, including accelerating and decelerating abruptly. The tasks were complex and involved the use of various equipment, such as balance disks, bosu balls, and a trampoline ( Fig. 4) . Exercises from levels 2 and 3 included typical discipline-related activities. It was essential to remind the subjects that while they were doing all of the exercises, the dynamic axis of the lower extremity (dynamic Q-angle) had to be kept straight, so that the occurrence of either varus or valgus was controlled and thus limited. Pol. J. Sport Tourism 2019, 26 (2), 14-20
Statistical analyses
In the description of the results, basic statistical values were used: means, standard deviations, and ranges. The assumptions of normality and homogeneity of variances were verified using the Shapiro-Wilk and Levene tests, respectively. Due to certain departures from normality, the data were log-transformed prior to the analysis. The COP data were analysed separately for the eyes open/closed conditions, each time using a three-factor (2 × 3 × 2) mixed design (split-plot) analysis of variance (ANOVA) with one between-subject variable (group) and two withinsubject variables (measurement and limb); partial eta-squared (η 2 ) was used as a measure of effect size. The assumption of sphericity was tested with the Mauchly test. Any violations of this assumption were corrected using the Greenhouse-Geisser adjustment. Where appropriate, Tukey's HSD post-hoc tests were used to assess differences between individual means. The level of alpha = 0.05 was considered significant.
Results
The analyses performed revealed significant group × measurement interactions for both variants, that is measurements taken with eyes open (F2,68 = 12.9; p < 0.001; η 2 = 0.276) and closed (F2,68 = 3.18; p = 0.048; η 2 = 0.085). A significantly (p < 0.001) shorter COP sway path, as compared to the initial measurement, was obtained by the experimental group after a 3-week training programme in a measurement taken with eyes open; the COP sway path for the dominant leg was shorter by about 210 mm and that for the non-dominant leg by about 157 mm. The measurement with eyes closed performed in the experimental group showed that COP sway path was shorter (p < 0.05) by nearly 660 mm for the dominant leg and by 530 mm for the non-dominant leg compared to the initial stage. The training effects in the experimental group were sustained after 5 months, and the results achieved differed significantly from the pre-training ones in measurements taken with eyes open (p < 0.001) as well as with eyes closed (p < 0.05). The COP parameters in the control group did not reveal any improvement after 3 weeks or after 5 months.
No significant interaction for the limb × measurement × group effect was observed either for eyes open (F2,68 = 0.23; p = 0.79; η 2 = 0.007) or closed (F2,68 = 1.08; p = 0.35; η 2 = 0.031), which indicates a lack of differences in the level of stability between the dominant and non-dominant leg before and after the training programme in both groups. Additionally, main effects for the limb factor did not prove to be significant in any measurement variant (F1,34 = 0.38; p = 0.54; η 2 = 0.011 and F1,34 = 0.99; p = 0.32; η 2 = 0.028 for eyes open and closed, respectively). The detailed COP sway path results obtained in the experimental and control groups are presented in Table 3 .
Discussion
The purpose of this study was to determine the effectiveness of a short-term, 3-week intensive neuromuscular training programme on postural stability of professional soccer players and to establish whether postural stability depends on lower extremity dominance. Since there is no standardised standpoint regarding the duration of such programmes, we wished to create a programme that would be more intense yet shorter than most of the existing ones. Statistically significant results in reducing COP path length were achieved after implementing a 3-week training protocol performed twice a day for 20 minutes as part of a normal training schedule. The results of our study also showed that the maintenance training performed inseason (a 20-minute session organised biweekly) allowed the effects of the main training period on players' performance to be extended. However, the results of this study did not reveal any statistically significant differences between the dominant and non-dominant leg.
There are many papers describing positive effects of neuromuscular training on soccer skills and stressing that it is successful in both boosting players' abilities and in preventing injuries. Based on the studies published, it cannot be objectively stated how prevention programmes can be optimised to make them time-efficient and which exercises should be included: a selection of the existing ones or possibly a set of completely new ones designed with the sole purpose of such training in mind [23] . Most current prevention programmes last 6 to 8 weeks and are proven to be effective [7] . In their paper, Zech et al. [7] report that programmes lasting 6 weeks and longer have had greater effects on postural sway than four-week programmes. However, the results of our research as well as the findings of Carafa et al. [13] show that a high intensity of the training and a short duration of the programme can quickly improve a player's stability parameters. In addition, the use of maintenance training during the season has also yielded positive results in sustaining the results achieved.
Most authors describe neuromuscular training only as balance and stabilisation exercise, while others define it as a multi-intervention programme [25, 26] . However, the literature indicates that the most effective programmes are multicomponential [6] , which is why the authors of this programme introduced sport-specific exercises focusing on stability, agility, coordination, and plyometrics and included a number of varied activities constantly challenging the players' balance [24] . Nevertheless, in order to create a more comprehensive and multifaceted preventive programme, we should implement musclestrength exercises or static and dynamic stretching exercises. Such elements are included in the best known current injury Pol. J. Sport Tourism 2019, 26(2), [14] [15] [16] [17] [18] [19] [20] prevention protocol focusing on soccer -the FIFA 11+ warmup programme [27, 28] . It contains exercises meant to improve lower-limb and core strength, as well as neuromuscular control, under static and dynamic conditions. Our programme, however, focuses mainly on sport-specific exercises and includes soccer elements, such as kicking, changing direction while running and landing, accelerating and decelerating abruptly, or heading. In this programme, players train under varied conditions (different kinds of unstable ground and activity types). Unstable ground allows for constant stimulation of the player's neurological system as well as their entire body. Avoiding routine was our intention. Moreover, psychological motivation was used (a ball was included in the training), as a soccer player would rather play with a ball than exercise without it. FIFA 11+ does not include activities with a ball or exercising on uneven ground; hence, the exercise conditions are far removed from the reality of the game. Another important issue for the player is the scheduling of a neuromuscular programme. The main questions which need to be answered are whether it is better to implement it in the preparatory period or during the season and as part of a training session or at a different time. Carafa et al. [13] describe a programme in many respects similar to the one designed by the authors of this article. In their case, the programme was completed during the pre-season preparatory period, which lasted 30 days (4 weeks), and was performed daily for 20 minutes. It comprised 5 progressive phases, including proprioception training with balance boards. The main training period was followed by an in-season maintenance programme, which involved training 3 times a week, including performing lower extremity proprioception and dynamic balance exercises. The authors of the current paper also proposed a programme implemented during the preparatory period, twice a day for 3 weeks, and an in-season maintenance programme, in which training was done twice a week for 20 minutes. Our programme included 3 stages; stages 1 and 2 were part of the warm-up, which was the same as in the FIFA 11+ warm-up programme. As it is indicated in the name, the FIFA programme is designed to be performed at the beginning of the practice session. In our programme, the last stage was implemented after the main part of the training, when the players were tired. As epidemiological data indicate, many injuries of the lower extremity occur at the end of the first half and at the very end of a match [29] , when players are most fatigued. Therefore, in order to reflect the conditions during a match, a shift in the training session schedule was introduced during the course of the training period -the most intense stage (level 3) of the protocol was performed after the practice, considering the previously mentioned epidemiological fact that most injuries occur in the second half of a match.
It has been reported that non-contact injuries constitute about 39% of all injuries [30] . Common on-the-pitch situations which often result in an injury of the knee and ankle include changing direction and/or cutting manoeuvres frequently combined with accelerating and decelerating, landing from a jump in or near full extension, and pivoting [30] . Taking these epidemiological data into account, when creating our neuromuscular programme, we focused on important training elements such as performing exercises in a closed kinematic chain, where the focus is directed at knee and pelvis control, quick changes of direction, as well as accelerations and decelerations. We paid special attention to one of the riskiest moments while playing soccer, which is the landing [6] . Due to its critical importance, the programme needed to teach the techniques of its performance, such as soft landing with initial forefoot contact combined with hip and knee flexion, and ways of controlling the lower limb axis [31, 32] . It is extremely important not only to introduce appropriate exercises but also to constantly monitor the quality of the exercise performed.
An interesting notion is that data in the literature indicate that soccer players' level of competition correlates with postural stability [4, 33, 34] . Moreover, Paillard et al. [35] suggest that soccer players are able to shift their proprioception so that it does not rely predominantly on sight, but on the receptors of the locomotor system, thus minimising the role of vision. This means that the more proficient the player is, the less they will focus on observing the ball, and the more they will focus on the surroundings and other players to whom they may potentially play the ball. The authors explain that such adaptations are due to rapid changes of the conditions on the field, resulting in players using their vision mostly to assess and react to events occurring on the pitch, that is other players' positions and movements. The results presented in this article indicate that players did show improvement of postural control during tests with their eyes closed, but more improvement was noticed in open-eye tests. This suggests better proprioception and adaptive capabilities to environmental changes with visual stimuli and may indicate that the players who were tested did not have the highest skill level.
A proficient soccer player should be able to kick the ball well with either leg, even though most of them show bilateral differences. When it comes to penalty kicks, in most cases, players choose their preferred leg to shoot. Still, it is controversial whether it is the dominant leg the player chooses for a penalty kick. At the beginning of the study, the authors hypothesised that the dominant leg is the one chosen when taking a penalty, which in turn necessitates that the supporting limb be more stable. However, the results of this study and the results of other authors did not reveal any statistically significant differences between the dominant and non-dominant leg [36] [37] [38] [39] . In light of these facts, there is no need to differentiate between the dominant and non-dominant legs when implementing a neuromuscular programme.
Limitations
One of the shortcomings of this study might be the limited number of subjects who completed all three stages of the research. However, the group tested consisted of professional soccer players who had to complete a 5-month training programme, and many of them dropped out during the course of the programme due to their inability to fully participate in it, changing teams, or injury.
It may also be assumed that the equipment required for our programme, in the form of physiotherapy devices, may be problematic and discouraging for coaches. We believe, however, that the kind of equipment we used in the exercises proposed should be available at any soccer club and be used for both prevention purposes and as an aid when returning to play. Moreover, if a more comprehensive neuromuscular programme is to be offered, it needs to include exercises aimed at improving muscle strength and static and dynamic stretching.
Conclusions
The following conclusions were drawn from the study: 1. A 3-week training programme applied during the preparatory period seems to be an effective tool for achieving rapid improvement in the postural stability of professional soccer players.
Pol. J. Sport Tourism 2019, 26(2), [14] [15] [16] [17] [18] [19] [20] 2. Implementing the programme twice a week during the season allowed the achieved effects on postural stability to be maintained. 3. A combination of balance, coordination, agility, plyometric, and core control exercises appears to be a successful training protocol for improving postural control. 4. Since between-measurement improvements of postural stability were comparable for both limbs, it does not seem necessary to differentiate between the dominant and non-dominant lower limbs during the implementation of a 3-week intensive neuromuscular training programme. 5. It is highly recommended to use the training programme in everyday practice in soccer.
